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BU3HAUEHHS JUHAMIYHUX IAPAMETPIB OIIEPATOPA MOBLIbHOI
MOKEXHOI YCTAHOBKHA B YACTOTHIN OBJIACTI

Jna eusnavenns OUHAMIYHUX naApamempie onepamopa MOOLIbHOI NONACEHCHOI YCMAHOBKU NOOYOO8AHI
MAMeMamuyHi 3a1edCHOCMI, 8 OCHOBI AKUX JIedHCUMb BUKOPUCMAHHA YACMOMHUX XAPAKMePUCMuK onepamopad.

3uauenns

uacmomrux xapakmepucmuKk onepamopa

BUBHAUAIOMbC  HA  anpiopi  3a0awii  yacmomi i

BUKOPUCIOBYIOMbC 8 AKOCMI noyamkoeux Oauux. Ilpedcmasnenutl anecopumm 6U3HAYEHHS NAPAMEmpis8

onepamopa MoOiNbHOI NOHCEHCHOT YCMAHOBKU.

Knrouosi cnosa: onepamop, nodicedcna ycmanoeka, OUHAMIYHI napamempu.

ITocTtanoBka npodaemMu

Mo0GineHi  3aco0M  TOXEXKOTraciHHS  MaloTh
TEHICHIIIO 0 OibII MHUPOKOTo BUKOpUCTaHHA. Cimix
BIIMITUTH, IO BUPIMAaIbHY POJIH IMPH TaciHHI MOXKEKI
B cobopi Horp — MHam (xBirenr 2019p) 3irpana
MOOimbHA TOXeXKHa ycraHoBka «Colossusy ¢ipmu
Shark Robotiks (®panmis) [1]. IlepcnekTuBHEUMU
3ac00aMH TOXKEKOTraciHHs € MOOUIbHI YCTaHOBKHM Ha
6a3i cirpeiB [2], ympaBiiHHS SKHX 3IiHCHIOETHCS
onepatopoMm. EdekTuBHE TaciHHS TMOXEXKi TaKIMH
YCTAaHOBKAaMH B 3HAYHOMY CTYICHI 3aJeXHTh BiJ
Y3rO/DKEHOCTI XapaKTEPUCTHK MOOITBHOI yCTaHOBKH
Ta omepatopa [3]. B 3B’A3Ky i3 UMM BHHHKAE
HEOOXITHICTh B CTBOPCHHI aJeKBaTHUX MaTEeMAaTHYHUX
MoJIeNiel orepaTopa TaKuX MOXKEKHHUX YCTaHOBOK abo
B izeHTH(diKauii mapamerpiB BxkKe BIIOMHUX MOJEJICH.
[Ipu ekcruryaTanii MOOUTEHAX TOXKEKHHX YCTAaHOBOK

MOXX€  BUHHMKATH  HEOOXIJHICTh B  TECTyBaHHI
OTIepaTopiB. B BOMY BUNAJIKY MOXKe
BHKOPHCTOBYBATHCH iH(dopMmaris CTOCOBHO
JIMHAMIYHUX ~ [apaMeTpiB  omeparopa, [JO  SKUX

HaJIe)KATh Yac 3aMi3HeHHsI Ta [MOCTiHA Yacy. Y 3B’S3Ky
i3 MM OJHIEIO i3 MPOOIEM CTOCOBHO O MOOITHHHX
MMOKEKHUX YCTAHOBOK € IIJBHIICHHS piBHI IX
e(eKTHBHOCTI 32 paXyHOK BUKOPHCTaHHS aJIcKBATHOTO
MaTeMAaTHYHOTO OIMCY JiSUIBHOCTI ONEparopiB TaKuX
YCTaHOBOK.

AHaJIi3 OCTaHHIX J0CTiIKeHb i myOaikanii

MoOGinbHI TOXEKHI YCTaHOBKM Ha 0a3i cirBeiB
3HAXOMATHCSA Ha MOYATKOBIA cTajii iX BHKOPHCTAaHHSA
[4]. BapianT moOymoBH YCTaHOBKH MOKEKOTACiHHS,
npuBeneHu B [2], mepexbavae 1 QUCTaHIiiHE
YIOpaBIiHHSA, 110 HAKJIaNa€e CHEHU(ivHi BUMOTH OO il
oneparopis. B [5,6] npezacrasneni Bapiantu moGynoBu
MOOITBHUX MOXEKHUX YCTAaHOBOK Ha 0a3i cireiB, siKi
nepeabavaloTh OE3MOCepeaHI0 Yy4acTh oIeparopa B

© Aodpamos 10.0., Cobuna B.O.

YOpaBIiHHI TaKUX YCTAaHOBOK MOXEXKOTAaCiHHA. Jlis
TaKMX BHUMNAAKIB B [7] HaBeOeHI alropuT™M Ta
pe3yNbTaTH BU3HAYCHHS Yacy 3alli3HEHHS Ta MOCTIHHOT
yacy omepaTtopa, sIKi OJep)KaHi EKCIepUMEHTAIbHUM
BusHaueHHs [IUHAMIYHHX  TapaMeTpiB
30IMCHIOETECA B 4YacTOTHIM  oOJacTi.

HIISIXOM.
oreparopa
BusHaueHHs NUX TUHAMIYHUX MapaMeTpiB omeparopa
MOOITBHOI ~ TOXKEKHOI  yYCTAHOBKM  MOXIHMBO B
4acTOTHIM oONacTi, aje anropuTM iX BHU3HAYCHHS B
bOMY BHWIIAJKy OpI€EHTOBaHMN Ha HEOOXiJHICTh
BUKOPUCTAHHS anreOpaiyHOro pIiBHAHHS YETBEPTOTO
mopanky [8]. Jns BH3HauUeHHS MapaMmeTpiB TakKoTro
anreOpaiyHOro  PIBHAHHSA  HEOOXiMHO  BH3HAYUTH
BEJIMYMHH aMIUIITYAHO — 4YacToTHOI Ta ¢a3oBo —
YacTOTHOI XapaKTePHCTHUK OIlepaTopa Ha YOTHPHOX
anpiopi 3amaHux wyacTtotax. Lle mae mimcraBu s
NPOBEJCHHSI OCIIPKEHb, COPSIMOBAHUX Ha PO3POOKY
CHPOIICHOTO alrOpUTMY BHW3HAUEHHS JIUHAMIYHHUX
mapaMmeTpiB  omepatopa  MOOITBHOI  ITOXKEKHOT
YCTQHOBKH B 4aCTOTHii1 00acTi.

Merta Ta 3aga4i JocaiKeHHd

Mertoto JOCHIPKEHHsT € Po3poOKa CIPOLICHOTO
QITOPUTMY BHU3HAUEHHS JAWHAMIYHUX IIapaMeTpiB
oreparopa MOOITBHOT TOXKEXHOI YCTAHOBKH B
4acTOTHIN 0bnacTi.

Juis mocsirHeHHs 1i€l MeTH HEeOOXiJHO BUPIIINTH
HACTYIIHI 3a/1a4i:

- oaepxaTh (PYHKIIOHAIBHY 3aJICKHICTH MIXK
JUHAMIYHAMH TapaMeTpaMH oIeparopa MOOUIBHOI
MIOKEKHOT YCTaHOBKH;

- oJepXaTW aHATITUYHY 3aJIe)KHICTh MOCTIHHOT
gacy omepaTropa MOOUTBHOI TOKEKHOT YCTAaHOBKH Bif
HOTO YacTOTHOI XapaKTEPUCTHKH Ha ampiopi 3amgaHii
Y4acTOTI;

- mnoOynyBatu CIIPOIIEHUH aJTOPUTM
BU3HAUYEHHS AWHAMIYHUX IapaMeTpiB  omeparopa
MOOITBHOT MOKEXKHOT YCTAHOBKH.
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BukJyiax 0oCHOBHOI0 MmaTepiajy

Ilepenarouna ¢yHKIisA omepaTtopa MOOITBHOL
MTO’KEKHOI YCTAHOBKH OMHICYETHCS BHPa3oM [9]

-1
W(p) = Kexp(—pto)(1,p +1) (1)
ne K - xoedimienr mnepemaui; Tp,T; — uac
3alli3HEHHsT Ta TIIOCTiHHA 4Yacy BIiANOBiAHO, P —
KOMIUIEKCHA 3MIHHA.
i TepeIaTouHIN ¢byHKIIT BIIIOBizac
aMIUTITYAHO — (pa30Ba YACTOTHA XapaKTEPHCTHKA

orepaTopa, BUpa3 K01 Ma€ BUIJISA
W(jo) = Kexp(-joto) L+ jor) ™, (@)

e () — KpyroBa 4acToTa; |— ySBHA OJMHMIIA.

Sxmo BpaxyBaTH criBBigHOIICHHAS [ 10]
exp(—joTt,) =Cosmt, — jSin oy, (3)
TO BUpa3 (2) Oyne TpaHchOPMOBAHHIT 10 BUpPaA3y
W(jo) = M(o) + jN(w), 4
ae

M(w) = K(cosot, — o1 SinoT,) x

(5)
<+ (@n)?] ™

N(®) =—-K(sinoTt, + ©T COS®Ty) X
(6)
<+ (@)

Bamumemo Bupas ans W(J®) B moxasosiit

(opmi, To6TO
W(jo) = A(w)exp[jo(w)], @)
ne
A(o) =absW(jo); ¢(0) =argW(jo), (8)
110 i3 BUKOPUCTAHHAM CIIBBiAHOLIECHHS
exp[jo(w)] = cos p(w) + jsin ¢(w) 9)
NPMBOHTH 210 iHIIO GopMHu 3amncy Bupasis (5) Ta (6)

M(w) = A(®) cos p(m); (10)

N(®) = A(w)sin ¢(w). (11)

B uux Bupasax A(®) — aMmiiTyaHO — 4acTOTHA

xapaktepuctuka, a @(®) - dazoBo — wacToTHa

XapaKTepUCTHKa OIeparopa MOOUTPHOI IOXKEKHOT

YCTAHOBKH.
MMicns o6’ennanns (5),(6) ta (10),(11) Oymemo
MaTH

1+ (031:1)2 =(CosmTy —oTSIN®Ty) X
x COSQ(®) =—(SiN®Ty + ®T COS®T) X (12)
x Sin @().

[Ipu BpaxyBaHHi criBBigHOMIEHS [10]

COS®™ T, SiN () +SiN @ T, COsSE(®) =

=sin[ot, + o(w)] 43
COS® T, COSP(m) —SIN ® T, Sin p(®) =
= COS[(m:0 + (p(m)] 44
Bupas (12) TpaHc)OPMyeThCs HACTYITHUM YHHOM
tg [wro + (p(oo)] =—-OT,. (15)

Ile#i Bupa3 mpu ampiopi 3agaHiif 4acToTi O, Ha
SIKIff BU3HAYAETHCS (BUMIPIOETHCS) BETHUUHA (PO30BO —
¢(w)

YCTaHOBKH,

YacTOTHOI ~ XapaKTEePHUCTHKH oreparopa

MOOIUTEHOT  TTOXKEKHOT YCTaHOBITIOE

3aNexHicTh MiX mapamerpamu Ty Ta Tq. Ha puc.l

3aJIEKHOCTI

HAaBEJICHUM  IpUKIAJ  TaKoi IS

o=30c" 1a p(w) =-1,33.

Puc.1. Jlo BU3HaYCHHS 3aJIC)KHOCTI MiXK JUHAMIYHUMH

napameTpamu T Ta Ty omeparopa.
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Taka 3QJICKHICTD YTBOPIOETHCSI JIHI€I0

MIepEeTHHAHHS IOBEPXHI, IKa OMUCYETHCS BUPA30M

f(10,7,) = tg[o1y + () ]+ 01, (16)
Ta IUIOMIMHOIO HYJIFOBOTO PiBHS.
Jns BM3HAa4YeHHA JUHAMIYHOrO Hapamerpa Ty —

MOCTIHHOT 4acy CKOPUCTYEMOCH 3aJIeKHICTIO

A(0) = absW (jo) = [M2(@) + N2 (@) [°,  @7)

siKa Iicns BpaxyBaHHs (5) Ta (6) npuiiMae BUTIIS

0,5
A@) =KL+ (). s
I3 (18) BuTiKAE BUpa3 A BU3HAUCHHS ITapaMeTpa

T

7 = co_l[[KA_l(oo)]z —1}0'5, (19)

TOOTO TIeit mapaMeTp BH3HAYAETHCS Ha ampiopi 3agaHii
yacToTi (), Ha HKiH 3JIHCHIOETHECS BU3HAYEHHS
(BUMIiproBaHHS) BENMYWHU AaMIUTITyTHO — YacTOTHOI

A(w)

YCTAHOBKH.

XapaKTepUCTUKN oreparopa  MOOUTBHOI

TTOKEXKHOT Bemnmunmna  koedimieHTa

nepenaui K omepatopa BH3HAuaeThcs B CTATUUHHX

YMOBaX.

AJITOPUTM BU3HAYEHHS JUHAMIYHHUX MapaMeTpiB
ormeparopa MOOiNBHOT MTOXKEKHOT YCTaHOBKH
3BOJIUTHCS JI0 HACTYITHOTO:

- BHM3HAYA€ThCSA BEJIMYMHA KoedimieHTa

nepenaui K omeparopa a6o mpuiiMaeTbcs B AKOCTI
MEePUIOro HaOJIM)KEHHs HOr0 HOpMaTHBHE 3HAUCHHS;

- Ha 3aJa”Hii dacTtori () BH3HAYAIOTHCS
(BUMIPIOIOTHCS) BEJIMYMHM aMIUTITYJHO — 4YacTOTHOI
A(®) Ta hasoso — wactoTHOi (M) XapakTepHCTHK
omepaTopa;

- 3rifHO i3 BHpa3oM

(19)

BCJIMYHHA Z[I/IHaMi‘{HOFO napamMeTpa Tl orieparopa;

BHU3HAYA€THCA

- 3MIACHIOETBCS PIMIEHHS TPAHCLEHACHTHOTO
15),

IUHAMIYHOT'O

PIBHSIHHS KOpDEHEeM SKOT0 € BelWYHMHa

napamerpa Ty omeparopa. Ilpu

HaXO,H)KCHHi BCJIIMUHNHHU ,Z[I/IHaMi‘lHOFO napamMeTpa TO

omneparopa BHKOpHCTaHAa TpadidHa
inTeprperamist  3amexHocti  (15). [mst  mporo
BUKOPUCTOBYeThCS pyHKIist (16), siKka HepeTHHAETHCS
IUTOIIMHOIO Ha HYJIHOBOMY PiBHI.

MOXe OyTH

®=30c? 1o

IMpukman. Ha  dacrtoTi
pe3yjbTaTaM  BUMIPIOBaHb  3HAY€Hb  YaCTOTHHUX
XapaKTepUCTUK oreparopa Mae Micie

0(3,0)=-1,33c*; A(3,0)=K(181) . 3rimmo
(19) 1, =0,3c. 3rigno puc.l emuumni T; = 0,3¢

Bianosinae senmunna T = 0,2cC.

Peamizamis  Takoro anropuTMy — BH3HAYCHHS
JUHAMIYHUX  TapameTpiB  omeparopa  MOOUIBHOI
MOKEXKHOI ~ YCTAaHOBKM  NOTpeOye  BHKOPHCTaHHS

3HaYeHb HOT0 YaCTOTHUX XapaKTePUCTHK Ha €IMHIN
ampiopi  3amaHii  d9actoTi. Y  TOpIBHAHHI i3
QIrOpUTMOM, SKUW HaBeaeHo B [8], Mae wmicue
3MEHIIEHHS KiNBKOCTiI ampiopi 3aJaHWX dYacToT B
YOTHPHU pa3y, IO 3a0e3MeUye CIPOIIECHHS alrOPHTMY
BH3HAYEHHS IMHAMIYHUX I1apaMeTpiB olepaTopa.

BucHoBkH

1. I3 BUKOPUCTAHHIM YaCTOTHHX XapaKTEPUCTHK
oreparopa MOOIUTbHOT MOXKEKHOT YCTaHOBKH OZepKaHa
(yHKIIIOHATPHA 3aJIC)KHICTh MK HOTO TUHAMIYHUMHU
rnapaMmeTpamMH — 4acoM 3aIli3HEeHHs Ta MOCTIHHOIO Yacy,
sIKa BUPp@KEHA Yyepe3 TPUTOHOMETPUYHY (DYHKIIIFO.

2. OpepkaHa aHANITHYHA  3AJCKHICTH
MOCTIHOI0 dYacy omepaTtopa MOOITBHOI MOKEXKHOT
YCTAaHOBKM Ta HOro aMIUNTyIHO — YacTOTHOIO

MIXK

XapaKTEePUCTUKOI0, MapaMeTpaMd SKOI € dYacToTa Ta
Koe(ilieHT mepeaadi onepaTopa.

3. IloOynoBauwuii CHPOLICHUN ANTOPUTM

BU3HAUCHHSI UHAMIYHHX [apaMeTpiB  omeparopa
MOOIJTBHOT MOXKEKHOT YCTAHOBKH, CIPOIICHHS SIKOTO
3a0€3MeuyeThCs 32 PaxyHOK 3MEHIICHHS KiTbKOCTI
4acTOT (10 OMHIi€T) JJIsT CTBOPCHHS MMOYATKOBUX JaHHX
y BHIIAAI 3HAYEHb YAaCTOTHUX  XapaKTEPUCTHUK
oreparopa Ha IMX 4acTOTax.
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DETERMINATION OF THE DYNAMIC PARAMETERS OF THE MOBILE FIRE STATION
OPERATOR IN THE FREQUENCY DOMAIN
Y. Abramov, V. Sobyna

National University of Civil Defense of Ukraine, Ukraine

Determination of the dynamic parameters of the operator of the mobile fire apparatus is based on the use of
its amplitude-frequency and phase-frequency characteristics, the value of which is used at a priori set frequency.
The value of these frequency characteristics of the operator of the mobile fire apparatus is used as initial data.

Using the exponent and trigonometric form of the expression for the complex transfer function of the
operator of the mobile fire apparatus, the functional dependence between its phase-frequency characteristic and
dynamic parameters - the delay time and the operator's time constant - was obtained. This functional dependence
is given in the form of two additive components, one of which is represented by a trigonometric function, the
argument of which is the value of the phase-frequency characteristic of the operator and its delay time. The
second additive component is a function of the time constant of the operator. The constructed functional
dependence is used to determine the delay time of the operator of the mobile fire apparatus, provided that
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Hoocercna 6e3nexa

another dynamic parameter - the time constant - is determined using the amplitude-frequency characteristic of
the operator and the normative value of its transmission coefficient. A graphical interpretation is given for the
constructed functional dependence, which can be used as a component of the algorithm when determining the
dynamic parameters of the operator of a mobile fire extinguisher.

The algorithm for determining the dynamic parameters of the operator of a mobile fire installation is
presented, which is presented in verbal form. The developed algorithm for determining the dynamic parameters
of the operator of the mobile fire apparatus during its implementation involves the use of a graphical
interpretation of the functional dependence between the delay time and the time constant of the operator of the
mobile fire apparatus.

The presented algorithm differs from the known ones by the simplicity of its implementation, which is
ensured by reducing the number of a priori frequencies used to determine the values of the frequency
characteristics by four times. An example of the implementation of the algorithm for determining the dynamic
parameters of the operator of a mobile fire installation is given.

Key words: operator, fire installation, dynamic parameters.
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